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LIQUID CRYSTAL DISPLAY DEVICE AND 
METHOD OF PRODUCING THE SAME 

BACKGROUND OF THE INVENTION 

The present invention relates to an active matrix type 
liquid crystal display device and a method of producing the 
same. More particularly, the present invention relates to a 
surface planariZation technique for a drive substrate of such 
a liquid crystal display device in Wiring regions in Which 
conductive lines are formed and regions betWeen the con 
ductive lines. 

FIGS. 8A and 8B schematically shoW plan and sectional 
vieWs, respectively, of a principal part of a drive substrate in 
a conventional active matrix type liquid crystal display 
device. FIGS. 9A and 9B schematically shoW plan and 
sectional vieWs, respectively, of the principal part of the 
drive substrate in another conventional active matrix type 
liquid crystal display device. In these ?gures, same reference 
numbers are given to similar parts. 

The structure of the conventional drive substrate shoWn in 
FIGS. 8A and 8B corresponds to that disclosed in JP-A-4 
234820 (published in 1992). In these ?gures, reference 
numeral 12 designates a conductive line for Wiring, refer 
ence numeral 13 designates a pixel electrode, reference 
numeral 14 designates an insulating ?lm, and reference 
numeral 16 designates a substrate made up of an insulating 
?lm substrate 16a and under layers 16b formed on the 
insulating ?lm substrate. This drive substrate is obtained by 
forming layers and patterns other than the conductive lines 
12 and the pixel electrode 13 (i.e. the under layers 16b) on 
the insulating substrate 16a, then forming the insulating ?lm 
14, and then forming the pixel electrode 13 on the insulating 
?lm 14 as Well as forming the lines 12. When the liquid 
crystal display device is a transmission type, it is required to 
use a transparent material for the insulating ?lm 14 as Well. 
Photosensitive transparent polyimide and the like are used, 
for example. 
On the other hand, the structure of the conventional drive 

substrate shoWn in FIGS. 9A and 9B is formed according to 
the technique disclosed in JP-A-4-338718 (published in 
1992). According to this prior art, in order to ?ush top 
surfaces of the lines 12 and the pixel electrode 13, namely, 
to make the levels of these parts identical, a transparent 
insulating ?lm 14 is placed under the pixel electrode 13 to 
form a convex part. 

Alternatively, the lines are etched beforehand to form 
concave parts. Next, the lines 12 are coated With an insu 
lating material 15, Whereby the level difference betWeen the 
lines 12 and the transparent pixel electrode 13 is canceled. 
As the insulating material 15, for example, polyimide is 
used. 

In the above tWo prior arts, the insulating ?lm 14 is not 
associated With the lines 12 (FIGS. 8A and 8B) or the lines 
12 coated With the insulating material 15 (FIGS. 9A and 9B) 
to form a surface that is continuous at the same level. 
Therefore, a region in Which the pixel electrode 13 is 
formable is limited to an upper surface of the insulating ?lm 
14. In order to explain a reason Why the region in Which the 
pixel electrode 13 is formable is limited to an upper surface 
of the insulating ?lm 14, FIGS. 10 and 11 shoW cases Where 
the structures shoWn in FIGS. 8A and 8B and FIGS. 9A and 
9B have been modi?ed such that pixel electrode-forming 
region is expanded beyond the insulating ?lm 14 onto the 
lines 12. In FIG. 10, the lines 12 are directly connected to the 
pixel electrodes 13, and thus, disadvantageously, the pixels 
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are alWays electrically connected to the lines 12. Further, in 
both of the cases of FIGS. 10 and 11, uneven portions 
(concave portions) arise in the pixel electrodes 13 due to 
gaps betWeen the lines and the insulating ?lm. Therefore, in 
a rubbing step conducting an orientation treatment of the 
liquid crystal, the orientation treatment cannot be performed 
uniformly due to barriers attributed to the unevenness of the 
pixel electrodes, resulting in a deterioration of the degree of 
orientation at the concave portions, namely in the gaps. 
Because of the reason mentioned above, the pixel electrode 
13 cannot be formed on regions other than the insulating ?lm 
14 in these prior arts. This leads to a reduction in the 
numerical aperture, Which is inconvenient for the liquid 
crystal display device. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide an active 
matrix type liquid crystal display device in Which a plurality 
of scanning lines and a plurality of signal lines are arrayed 
on an insulating substrate in such directions that the scan 
ning lines intersect the signal lines, and in Which pixel 
electrodes are ?atly formed even on the scanning lines 
and/or the signal lines so that the numerical aperture can be 
improved, and also to provide a method of producing such 
a device. 

In order to achieve the above object, there is provided a 
liquid crystal display device according to an aspect of the 
present invention in Which a plurality of scanning lines and 
a plurality of signal lines are arrayed on an insulating 
substrate in such directions that the scanning lines and the 
signal lines intersect each other, comprising: 

insulating ?lm patterns each formed betWeen the adjacent 
scanning lines and/or betWeen the adjacent signal lines; 

an upper insulating ?lm formed on the insulating ?lm 
patterns and the lines betWeen Which the respective 
insulating ?lm patterns are formed, and in spaces 
betWeen the insulating ?lm patterns and the lines, said 
upper insulating ?lm having a continuous top surface at 
a same or approximately same level; and 

pixel electrodes formed on the upper insulating ?lm. 
In this liquid crystal display device, since the upper 

insulating ?lm, Which is formed on the lines and betWeen the 
lines, has a continuous top surface at the same or approxi 
mately same level, it is possible that the Whole surface of the 
pixel electrode also has a same or approximately same level. 
That is, in all the regions on the lines and betWeen the lines, 
a structure planariZed at an identical level is obtained. 
Accordingly, it becomes possible to conduct uniform orien 
tation treatment. Also, since the upper insulating ?lm, Which 
is formed on the lines and betWeen the lines, has a continu 
ous top surface at the same or substantially same level, it 
becomes possible to expand the pixel electrode-forming 
region toWards above the lines Without limiting it to betWeen 
the lines. Therefore, the numerical aperture can be 
improved. 

Further, according to another aspect of the invention, 
there is provided a method of producing a liquid crystal 
display device in Which a plurality of scanning lines and a 
plurality of signal lines are arrayed on an insulating substrate 
in such directions that the scanning lines and the signal lines 
intersect each other, comprising: 

forming an insulating ?lm pattern betWeen the adjacent 
scanning lines and/or the adjacent signal lines; and 

forming an upper insulating ?lm on the insulating ?lm 
patterns and the lines and in spaces betWeen the insu 
lating ?lm patterns and the lines in such a manner that 
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the upper insulating ?lm has a continuous top surface 
at a same or approximately same level. 

According to this method, the upper insulating ?lm is 
formed on the lines and betWeen the lines so as to have a 
continuous top surface at the same or approximately same 
level. Therefore, it becomes possible to expand the pixel 
electrode-forming region toWards above the lines Without 
limiting it to betWeen the lines, and thus an improvement in 
the numerical aperture can be attained. Also, if the pixel 
electrode is formed on the upper insulating ?lm, it is 
possible that the Whole surface of the pixel electrode also has 
the same or approximately same level. Therefore, a structure 
planariZed at an identical or approximately identical level in 
all the regions on the lines and betWeen the lines is obtained. 
Accordingly it becomes possible to conduct uniform orien 
tation treatment. 

In order to ensure that the upper insulating ?lm ?lls spaces 
betWeen the insulating ?lm patterns and the lines adjacent to 
the insulating ?lm patterns, the upper insulating ?lm may be 
preferably formed so as to have a ?lm thickness that is at 
least 1/2 of the space betWeen the insulating ?lm patterns and 
the lines adjacent to the insulating ?lm patterns. The upper 
insulating ?lm formed to such a ?lm thickness may be used 
as is, or it may be thinned by an etch-back method. By 
etching back the upper insulating ?lm, the upper insulating 
?lm having a desired ?lm thickness is obtained. 
Furthermore, the ?atness is more improved. 
When the present invention is applied to a transmission 

type liquid crystal display device, the upper insulating ?lm 
pattern may be formed from a transparent ?lm having a 
refractive index of 1.4—1.95. 

Further, if a loWer insulating ?lm, Which is made of a 
material different from materials of the insulating ?lm 
patterns and the upper insulating ?lm, is formed before 
forming the upper insulating ?lm patterns, the loWer insu 
lating ?lm serves as an etching stopper in the etching process 
for forming the insulating ?lm patterns and in the etching 
process for the upper insulating ?lm. 

Other objects, features and advantages of the present 
invention Will be obvious from the folloWing description. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention Will become more fully understood 
from the detailed description given hereinbeloW and the 
accompanying draWings Which are given by Way of illus 
tration only, and thus are not limitative of the present 
invention, and Wherein: 

FIG. 1 is a simpli?ed plan vieW of an essential part of a 
liquid crystal display device according to one embodiment 
of the present invention; 

FIG. 2 is a simpli?ed plan vieW of an essential part of a 
liquid crystal display device according to another embodi 
ment of the present invention; 

FIGS. 3A, 3B, 3C, and 3D are a ?oWchart shoWing a 
production method of the liquid crystal display device 
shoWn in FIG. 1, FIG. 3D being a cross-sectional vieW taken 
on line 3D—3D of FIG. 1; 

FIGS. 4A, 4B, 4C, 4D, and 4E are a ?oWchart shoWing a 
production method of a liquid crystal display device accord 
ing to another embodiment of the present invention; 

FIGS. 5A, 5B, 5C, 5D, and 5E are a ?oWchart shoWing a 
production method of the liquid crystal display device 
shoWn in FIG. 2, FIG. 5E being a cross-sectional vieW taken 
on line 5E—5E of FIG. 2; 

FIG. 6 is an illustration explaining a relationship betWeen 
the space betWeen an insulating ?lm pattern and a line and 
the ?lm thickness of an upper insulating ?lm in the present 
invention; 
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4 
FIGS. 7A and 7B are illustrations explaining a reason Why 

a loWer insulating ?lm is formed in the present invention; 
FIG. 8A is a simpli?ed plan vieW of an essential part of 

a conventional liquid crystal display device, and FIG. 8B is 
a cross-sectional vieW taken on line 8B—8B of FIG. 8A; 

FIG. 9A is a simpli?ed plan vieW of an essential part of 
a conventional liquid crystal display device, and FIG. 9B is 
a cross-sectional vieW taken on line 9B—9B of FIG. 9A; 

FIG. 10 is a schematic cross-sectional vieW of the con 
ventional structure shoWn in FIG. 8 When modi?ed so that 
a pixel electrode is formed even on the lines; and 

FIG. 11 is a schematic cross-sectional vieW of the con 
ventional structure shoWn in FIG. 9 When modi?ed so that 
a pixel electrode is formed even on the lines. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

First Embodiment 

FIG. 1 is a simpli?ed plan vieW of a drive substrate (only 
a portion of one pixel is shoWn) partially constituting a 
transmission type active matrix liquid crystal display device, 
Which is a ?rst embodiment of the present invention. FIGS. 
3A—3D schematically shoW process steps of production of 
the drive substrate in FIG. 1. The present invention is 
characteriZed in that a pixel electrode-forming region is 
expanded by the planariZation of regions in Which Wiring 
lines are formed and regions betWeen those lines. In these 
?gures, only those parts that are related to the invention are 
shoWn and thus those parts that are not directly related to the 
invention, such as liquid crystals, an orientation ?lm, and a 
sWitching element, are omitted in order to make the ?gures 
simple. 
As shoWn in FIG. 1, a number of scanning lines (only tWo 

of the lines adjacent to each other are shoWn) 1 extend 
parallel With one another in a roW direction. Above the 
scanning lines, a number of signal lines parallel With one 
another (only tWo of the lines adjacent to each other are 
shoWn) 2 extend in a column direction approximately 
orthogonal to the scanning lines. A thin ?lm transistor 
(TFT), Which is not shoWn in the ?gure, is formed as a 
sWitching element in the vicinity of an intersection of each 
scanning line 1 and each signal line 2. A gate electrode and 
a source electrode of the TFT are connected to the scanning 
line 1 and the signal line 2 respectively. Further, a drain 
electrode of the TFT is connected to an approximately 
rectangular pixel electrode 3. Approximately rectangular 
insulating ?lm patterns 4 are individually formed betWeen 
the adjacent scanning lines 1 and betWeen the adjacent 
signal lines 2. An upper insulating ?lm 5, Which functions as 
a planariZing ?lm, is formed on the scanning lines 1 and the 
insulating ?lm patterns 4 and in spaces betWeen the scanning 
lines 1 and the insulating ?lm patterns 4 adjacent to the 
scanning lines 1. Similarly, another upper insulating ?lm 5 
is formed on the signal lines 2 and the insulating ?lm 
patterns 4 and in spaces betWeen the signal lines 2 and the 
insulating ?lm patterns 4 adjacent to the signal lines 2. On 
the upper insulating ?lm 5 formed on the signal lines 2, the 
pixel electrode 3 spreads out With its perimeter overlapping 
the scanning lines 1 on opposite sides and the signal lines 2 
on the remaining opposite sides. 

Next, using FIGS. 3A—3D, a method of producing the 
liquid crystal display device according to the ?rst embodi 
ment Will be described focusing on the production method of 
the drive substrate, in particular, a process from the forma 
tion of Wiring lines to the formation of pixel electrodes. 
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First, as shown in FIG. 3A, signal lines 2 are formed of 
an aluminum-based metallic material and the like in a ?lm 
thickness of several thousand angstrom on a substrate 6 
consisting of an insulating substrate 6a and under layers 6b. 
The term “under layers 6b” here comprehensively expresses 
various ?lms and patterns formed betWeen the signal lines 
and the insulating substrate. Thus, the under layers 6b 
include not only the TFTs but also the scanning lines 1, the 
insulating ?lm patterns 4 formed betWeen the scanning lines, 
and the upper insulating ?lm 5 on these scanning lines 1 and 
the insulating ?lm patterns 4. The scanning lines 1 are 
formed in the same manner as the above-described manner 

of forming the signal lines 2. Also, the insulating ?lm 
patterns 4 betWeen the scanning lines 1, and the upper 
insulating ?lm 5 on the scanning lines and the insulating ?lm 
patterns are formed in the same manner as the manner of 

forming the insulating ?lm patterns 4 betWeen the signal 
lines 2, and the upper insulating ?lm 5 on the signal lines and 
the insulating ?lm patterns that Will be described hereinafter. 
In this case, the upper insulating ?lm on the scanning lines 
1 functions as an interlayer insulation ?lm betWeen the 
scanning lines 1 and the signal lines 2. The insulating ?lm 
patterns 4 betWeen the scanning lines 1 may be omitted. 

Next, an insulating ?lm With a thickness corresponding to 
a level difference or unevenness that has taken place due to 

the signal lines (hereinafter simply referred to as “lines”) 2 
is formed and then subjected to patterning, Whereby the 
insulating ?lm pattern 4 (the insulating ?lm before subjected 
to patterning is given the same reference number for 
convenience) is formed betWeen the adjacent lines 2, as 
shoWn in FIG. 3B. When the liquid crystal display device is 
of a transmission type as in the present embodiment, the 
insulating ?lm 4 is required to be a transparent ?lm. It is also 
suitable that the insulating ?lm 4 has a refractive index of 
about 1.4—1.95. As the insulating ?lm 4, SiNx, SiOx and the 
like can be mentioned, but an oxide ?lm SiO2 is herein used 
to give a ?lm thickness of several thousand to several ten 
thousand angstrom that corresponds to the level difference. 
Then, the insulating ?lm pattern 4 is formed through the 
steps of photolithography, etching, and removal of a resist. 
At this time, the con?guration of the insulating ?lm pattern 
4 is such that only a space d from the pattern of the lines, the 
drain electrode and the like is secured. 

After forming the insulating ?lm pattern 4, the upper 
insulating ?lm 5 is formed, as shoWn in FIG. 3C. The 
material of the upper insulating ?lm 5 may be the same as, 
or different from that of the insulating ?lm pattern 4. Herein, 
the same material is used. In this step, by controlling spaces 
betWeen the lines 2 and the insulating ?lm pattern 4, the 
?atness of the top surface of the upper insulating ?lm 5 is 
controlled. For example, When the space d is too Wide, a 
level difference arises in the upper insulating ?lm 5 at a 
portion corresponding to the end portion of the lines 2, and 
thus the ?atness is not improved. On the other hand, When 
the space d is too narroW, the space cannot be completely 
?lled With the upper insulating ?lm 5, and thus a holloW is 
produced at a portion of the space d. Because of such 
reasons, for example, a space Width of about 0.95 pm is 
secured as the space d. Apurpose of the upper insulating ?lm 
5 is to ?ll the space d at the time of the ?lm formation to 
thereby planariZe or ?atten upper layers. Therefore, as 
schematically shoWn in FIG. 6, the ?lm thickness t of the 
upper insulating ?lm 5 at the time of the ?lm formation is 
required to be at least half the siZe of the space d. For 
example, When the space d is about 0.95 pm, it is necessary 
to form an oxide ?lm SiO2 having a thickness of at least 
about 4750 Actually, the upper insulating ?lm 5 having 
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6 
a ?lm thickness of about 15,000 A, namely 1.5 pm is 
formed. In this Way, the upper insulating ?lm 5 is formed on 
the lines 2 and the insulating ?lm pattern 4 to planariZe the 
surface. 

Next, using ITO (indium tin oxide), a transparent pixel 
electrode 3 is formed on the upper insulating ?lm 5, With its 
perimeter overlapping the signal lines 2 on both sides and 
the scanning lines 1 (see FIG. 1), the scanning lines being 
not shoWn in FIGS. 3A—3D. 

After this, using knoWn methods, the application of an 
orientation ?lm, rubbing treatment and the like are per 
formed to complete the drive substrate. Then, the drive 
substrate and an opposed substrate are bonded to each other, 
and then liquid crystals are injected. Then, after required 
processes such as sealing and bonding of a polariZing plate, 
an active matrix type liquid crystal display device is com 
pleted. 

Second Embodiment 

FIGS. 4A—4E shoW process steps for producing a drive 
substrate, in particular, from the formation of lines to the 
formation of a pixel electrode, among the process steps of 
producing a liquid crystal display device according to a 
second embodiment. Since the steps shoWn in FIGS. 4A—4C 
are the same as the steps shoWn in FIGS. 3A—3C, explana 
tion of those steps is omitted. In FIGS. 4A—4E, portions that 
are identical or similar to those in FIGS. 1 and 3A—3D are 
given the same numerals as used in FIGS. 1 and 3A—3D. 

After forming the lines 2, the insulating ?lm pattern 4, and 
the upper insulating ?lm 5, the upper insulating ?lm 5 is 
etched back as shoWn in FIG. 4D, Whereby the upper 
insulating ?lm 5 is thinned. For example, When the upper 
insulating ?lm having a thickness of about 15,000 A is 
formed, the ?lm thickness of the upper insulating ?lm is 
made about 7,000 A by etching back the ?lm by a thickness 
of about 8,000 
The upper insulating ?lm 5 may be preferably thick for 

?lling the space or gap d and for improvement in planariZa 
tion. HoWever, in the upper insulating ?lm 5, it is necessary 
to form a minute contact hole for connecting the upper pixel 
electrode 3 to the source electrode. The thicker the upper 
insulating ?lm 5, the more dif?cult it becomes to form and 
control minute patterns by means of etching. Further, the 
pixel electrode 3 has a ?lm thickness of only about 1,000—1, 
500 A When using ITO (indium tin oxide), for example. 
Considering the coverage by the thin ?lm, i.e., the pixel 
electrode 3, it is preferable that the upper insulating ?lm 5, 
in Which the contact hole is formed, is not thick. Therefore, 
by etching back the Whole surface of the upper insulating 
?lm 5 that is formed relatively thick, it is possible to control 
the upper insulating ?lm 5 to a desired ?lm thickness. Also, 
by carrying out etch-back, a little concave portion, Which 
occurs in the upper insulating ?lm 5 above the space d, is 
eliminated and the ?atness is improved further. Accordingly, 
as shoWn in FIG. 4E, the ?atness of the pixel electrode 3 per 
se, Which is formed With its perimeter overlapping the signal 
lines 2 on both sides and the scanning lines 1 (not shoWn in 
FIGS. 4A—4E) is also improved, compared With the ?rst 
embodiment. 

Although not shoWn in the ?gures, the under layers 6b 
include the scanning lines 1, the insulating ?lm patterns 4, 
and the upper insulating ?lm 5. The insulating ?lm patterns 
4 may be omitted. The process steps after forming the pixel 
electrode 3 are as described in connection With the ?rst 
embodiment. 

Third Embodiment 

FIG. 2 is a simpli?ed plan vieW of a drive substrate (only 
a portion of one pixel is shoWn) partially constituting part of 
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a transmission type active matrix liquid crystal display 
device, Which is a third embodiment of the present inven 
tion. FIGS. 5A—5E schematically shoW process steps of 
production of the drive substrate in FIG. 2. The present 
invention is characteriZed in that a piXel electrode-forming 
region is eXpanded by the planariZation of regions in Which 
Wiring lines are formed and regions betWeen those lines. In 
these ?gures, only those parts that are related to the inven 
tion are shoWn and thus those parts that are not directly 
related to the invention, such as liquid crystals and a 
sWitching element, are omitted in order to make the ?gures 
simple. In FIGS. 2 and 5A—5E, portions that are identical or 
similar to those in FIGS. 1 and 3A—3D are given the same 
reference numerals as used in FIGS. 1 and 3A—3D. 

The third embodiment defers from the ?rst embodiment in 
that a loWer insulating ?lm 7 is formed betWeen the insu 
lating ?lm pattern 4 and the substrate 6 (namely, under 
layers 6b), and on the lines 2 in the third embodiment. Using 
FIGS. 5A—5E, a method of producing the drive substrate of 
the liquid crystal display device shoWn in FIG. 2 Will be 
described. Because the process step in FIG. 5A is the same 
as the process step shoWn in FIG. 3A of the ?rst 
embodiment, the description on this step Will be omitted. 

After forming the lines 2, the loWer insulating ?lm 7 is 
formed as shoWn in FIG. 5B. At this time, for eXample, an 
SiN ?lm is used as the material for the upper insulating ?lm 
7, Which is different than the materials for the upper insu 
lating ?lm 5 and the insulating ?lm pattern 4 that are formed 
later. An SiN ?lm having a thickness of about 2,200 A is 
herein formed as the loWer insulating ?lm 7. After forming 
the loWer insulating ?lm 7, the formation of the insulating 
?lm pattern 4 made of an SiO2 ?lm, the formation of the 
upper insulating ?lm 5 also made of an SiO2 ?lm, and the 
formation of the piXel electrode 3 are carried out as shoWn 
in FIGS. 5C, 5D, and 5E, respectively, through the processes 
similar to those shoWn in FIGS. 3B—3D. After the formation 
of the upper insulating ?lm 5, the upper insulating ?lm 5 
may be etched back as in the second embodiment. By 
etching back the upper insulating ?lm 5, a more planariZed 
piXel electrode 3 is obtained. Although not shoWn in the 
?gures, the under layers 6b of the substrate 6 include the 
scanning lines 1, the loWer insulating ?lm 7, and the 
insulating ?lm pattern 4, Which Were formed in the same 
manner as in the steps shoWn in FIGS. 5A—5D, although the 
loWer insulating ?lm 7 and the insulating ?lm pattern 4 may 
be omitted. The steps after the formation of the piXel 
electrode 3 are as described in connection With the ?rst 
embodiment. 

In the present embodiment, under the insulating ?lm 
pattern 4 and the upper insulating ?lm 5, the loWer insulating 
?lm 7 made of a material different from these insulating 
?lms 4 and 5 is formed. Thus, it is possible for the insulating 
?lm 7 to have a function as an etching stopper When forming 
the insulating ?lm pattern 4 on the loWer insulating ?lm 7, 
or etching the upper insulating ?lm 5. As shoWn in FIGS. 7A 
and 7B, it is possible to prevent the insulating ?lm pattern 
4 or the upper insulating ?lm 5 from being etched doWn to 
the loWer layer portion 6b of the substrate 6. In FIGS. 7A and 
7B, the reference numeral 8 indicates a photoresist for 
etching. 

The present invention has been described using the three 
embodiments. HoWever, it should not be construed that the 
present invention is limited to these, and various modi?ca 
tions may be made. 

For eXample, although the transmission type active matriX 
display device has been described in each embodiment, the 
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8 
display device may be of a re?ection type. In the case of the 
re?ection type, the piXel electrode 3 is not transparent, but 
may be formed from aluminum and the like. Further, it is not 
necessary that the insulating ?lms 4, 5 are transparent ?lms. 
In any event, the present invention relates to the enlargement 
of the piXel electrode-forming region by planariZing regions 
in Which Wiring lines are formed and regions betWeen those 
lines, and it Will be easily understood that the present 
invention is applicable to any type of the liquid crystal 
display device. 

Further, in the above embodiments, the piXel electrode 3 
is formed into an approximately rectangular shape, but it 
may be formed into a shape of a rectangle from Which a 
portion is cut off. Furthermore, each piXel electrode 3 is 
formed With its perimeter overlapping both of the adjacent 
tWo scanning lines and the adjacent tWo signal lines, 
hoWever, it may be formed With its perimeter overlapping 
either the adjacent tWo scanning lines 1 or the adjacent tWo 
signal lines 2. 

Further, in the above embodiments, the scanning lines 1 
are formed on a loWer side, and the signal lines 2 are formed 
on an upper side, but they may be formed reversely. 

Also, in the above embodiments, the process steps shoWn 
in FIGS. 3A—3D, 4A—4E, or 5A—5E are conducted not only 
on the signal lines 2 on the upper side, but also on the 
scanning lines 1 on the loWer side as Well. That is, the same 
process steps are carried out for the scanning lines 1 and the 
signal lines. HoWever, concerning the scanning lines 1, the 
process steps, shoWn in any one of FIGS. 3, 4, and 5, Which 
are different than those for the signal lines, may be carried 
out. 

Further, in the above embodiments, the insulating ?lm 
pattern 4 is formed betWeen the scanning lines 1, and also 
betWeen the signal lines, but it may be formed only betWeen 
the scanning lines 1 or betWeen the signal lines 2. 

Furthermore, a sWitching element other than a TFT may 
be used. 
As is apparent from the above description, according to 

the present invention, the Whole region on the lines and 
betWeen the lines has smoothness and ?atness, and a piXel 
electrode is formed on the planariZed region. As a result, 
obstructions attributed to level difference, or unevenness, in 
the rubbing treatment for conducting the orientation of the 
liquid crystals are reduced. Thus, the deterioration in quality 
of the display such as poor orientation is prevented. Further, 
the ?atness on the lines and betWeen the lines continues, and 
the lines are also covered With the upper insulating ?lm. 
Therefore, it becomes possible to form a piXel electrode on 
an upper layer of the lines. Thus, the piXel electrode can be 
formed in a Wider range, and an improvement in numerical 
aperture can also be achieved. Furthermore, it is presumed 
that, With the progress of high de?nition of the device in 
future, the reduction in resistance of the conductive lines for 
Wiring is required, and thus that, for eXample, the increase 
in ?lm thickness of the conductive lines and the like Will be 
advanced. Concerning the control of the ?lm thickness 
against a large level difference or a small level difference, it 
is possible to easily cope With various ?lm thicknesses only 
by controlling the ?lm thickness When forming insulating 
?lm patterns. As described above, according to the present 
invention, it becomes possible to provide a high-de?nition 
active matriX liquid crystal display device having good 
quality in display and a high numerical aperture. 
The invention being thus described, it Will be obvious that 

the same may be varied in many Ways. Such variations are 
not to be regarded as a departure from the spirit and scope 
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of the invention, and all such modi?cations as Would be 
obvious to one skilled in the art are intended to be included 
Within the scope of the following claims. 
What is claimed is: 
1. An active matrix type liquid crystal display device in 

Which a plurality of scanning lines and a plurality of signal 
lines are arrayed on an insulating substrate comprising: 

a plurality of insulating ?lm patterns each formed 
betWeen adjacent scanning lines and/or betWeen adja 
cent signal lines so that the insulating ?lm patterns do 
not contact either of the scanning lines or the signal 
lines; 

an upper insulating ?lm formed on the insulating ?lm 
patterns and the lines betWeen Which the respective 
insulating ?lm patterns are formed, and in spaces 
betWeen the insulating ?lm patterns and the lines, said 
upper insulating ?lm having a continuous top surface at 
a same or approximately same level; 

Wherein the insulating ?lm patterns comprise an oxide or 
nitride; and 

pixel electrodes formed on the upper insulating ?lm. 
2. The liquid crystal display device according to claim 1, 

Wherein each insulating ?lm pattern is formed from a 
transparent ?lm having a refractive index of 1.4—1.95. 

3. An active matrix type liquid crystal display device in 
Which a plurality of scanning lines and a plurality of signal 
lines are arrayed on an insulating substrate, comprising: 

insulating ?lm patterns each formed betWeen adjacent 
scanning lines and/or betWeen adjacent signal lines; 

an upper insulating ?lm formed on the insulating ?lm 
patterns and the lines betWeen Which the respective 
insulating ?lm patterns are formed, and in spaces 
betWeen the insulating ?lm patterns and the lines, said 
upper insulating ?lm having a continuous top surface at 
a same or approximately same level; 

pixel electrodes formed on the upper insulating ?lm; and 
Wherein said upper insulating ?lm has a thickness that is 

1/2 or more of the space betWeen one of the insulating 
?lm patterns and the line adjacent to the insulating ?lm 
pattern. 

4. An active matrix type liquid crystal display device in 
Which a plurality of scanning lines and a plurality of signal 
lines are arrayed on an insulating substrate, comprising: 

insulating ?lm patterns each formed betWeen adjacent 
scanning lines and/or betWeen adjacent signal lines; 

an upper insulating ?lm formed on the insulating ?lm 
patterns and the lines betWeen Which the respective 
insulating ?lm patterns are formed, and in spaces 
betWeen the insulating ?lm patterns and the lines, said 
upper insulating ?lm having a continuous top surface at 
a same or approximately same level, Wherein the insu 
lating ?lm patterns comprise an oxide or nitride of 
silicon; 

pixel electrodes formed on the upper insulating ?lm; and 
a loWer insulating ?lm located betWeen the insulating ?lm 

patterns and the insulating substrate and on the lines, 
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said loWer insulating ?lm being made of a material 
different from materials of the insulating ?lm patterns 
and the upper insulating ?lm. 

5. A method of producing an active-matrix liquid crystal 
display device in Which a plurality of scanning lines and a 
plurality of signal lines are arrayed on an insulating substrate 
in such directions that the scanning lines and the signal lines 
intersect each other, comprising: 

forming an insulating ?lm pattern betWeen adjacent scan 
ning lines and/or adjacent signal lines so that the 
insulating ?lm pattern does not contact either of the 
scanning lines or the signal lines, Wherein the insulat 
ing ?lm patterns are not color ?lters; and 

forming an upper insulating ?lm on the insulating ?lm 
pattern and the lines and in spaces betWeen the insu 
lating ?lm pattern and the lines in such a manner that 
the upper insulating ?lm has a continuous top surface 
at a same or approximately same level. 

6. The method according to claim 5, further comprising 
thinning the upper insulating ?lm by an etch-back method 
after forming the upper insulating ?lm. 

7. A method of producing an active-matrix liquid crystal 
display device in Which a plurality of scanning lines and a 
plurality of signal lines are arrayed on an insulating substrate 
in such directions that the scanning lines and the signal lines 
intersect each other, comprising: 

forming an insulating ?lm pattern betWeen adjacent scan 
ning lines and/or adjacent signal lines, the insulating 
?lm patterns comprising an oxide or a nitride; 

forming an upper insulating ?lm on the insulating ?lm 
pattern and the lines and in spaces betWeen the insu 
lating ?lm pattern and the lines in such a manner that 
the upper insulating ?lm has a continuous top surface 
at a same or approximately same level; and 

before forming the insulating ?lm pattern, forming a 
loWer insulating ?lm of a material different from mate 
rials of the insulating ?lm pattern and the upper insu 
lating ?lm. 

8. A method of producing an active-matrix liquid crystal 
display device in Which a plurality of scanning lines and a 
plurality of signal lines are arrayed on an insulating substrate 
in such directions that the scanning lines and the signal lines 
intersect each other, comprising: 

forming an insulating ?lm pattern betWeen adjacent scan 
ning lines and/or adjacent signal lines; 

forming an upper insulating ?lm on the insulating ?lm 
pattern and the lines and in spaces betWeen the insu 
lating ?lm pattern and the lines in such a manner that 
the upper insulating ?lm has a continuous top surface 
at a same or approximately same level; and 

Wherein said upper insulating ?lm has a thickness that is 
1/2 or more of a space betWeen the insulating ?lm 
pattern and the line that is adjacent to the insulating ?lm 
pattern. 


